Study design: Retrospective. Objectives: The objective of the study was to describe the type of ejaculation in patients with cauda equina (CE) and conus medullaris (CM) lesions, and to analyse sperm quality. Setting: France. Methods: One hundred sixty-six patients with CE and CM lesions were included. Diagnosis was based on clinical (no motor responses, sensation or sacral reflexes) and urodynamic assessments (no detrusor activity). Vibromassage (VM) was used to induce ejaculation according to the recommendations for patients with spinal cord injury. If ejaculation did not occur, oral midodrine was administered in progressive doses. Retrograde ejaculation was systematically sought. Sperm parameters were analysed according to World Health Organisation recommendations (2010). Results: Eighty-nine patients were included. Eleven ejaculated on the first VM trial (four anterograde (AE), six retrograde (RE) and one antero-retrograde (ARE)). Five patients continued trials of VM alone, two of whom ejaculated following a mean 1.9 trials (one RE, one ARE). Twenty-six patients underwent trials of VM+ midodrine, 18 of whom ejaculated following a mean 4.4 trials with a mean dose of 22.5 g of midodrine (2 AE, 13 RE and 5 ARE). Fifty-three ejaculates from 26 patients were analysed. Sperm concentration was low in 90.6% of samples; total necrospermia was found in 65% and asthenospermia in 95% of samples. Conclusion: Ejaculation is difficult to induce using VM in patients with CE and CM lesions, and requires high doses of midodrine. Sperm counts were generally low, and asthenospermia and necrospermia were found in the majority of specimens. Cryopreservation of sperm should be systematic in case of medically assisted procreation.
INTRODUCTION
In patients with spinal cord injury (SCI) with a spastic perineum (supra-sacral lesions), sperm parameters change as soon as the second week post lesion-onset. 1 Motility and vitality are particularly affected; however, the changes do not worsen with time. 1, 2 Sperm count remains normal 3, 4 according to the norms determined by the World Health Organisation (WHO).
The majority of studies have focused on patients with supra-sacral lesions 3, 4 and there are few or no data in the literature regarding the type of ejaculation or sperm parameters 3 in patients with lesions that include the S2-S3-S4 sacral segments, and who have a flaccid perineum. Knowledge of ejaculation and sperm parameters is important for the provision of appropriate treatment regarding medically assisted procreation for these persons.
The primary aim of this study was therefore to evaluate the type of ejaculation in patients with cauda equina (CE) and conus medullaris (CM) lesions. The secondary aim was to evaluate the quality of the sperm collected. 
MATERIALS AND METHODS

This
Patients
Patients were included if they had lesions of all sacral segments, had passed the phase of spinal shock (6 months post lesion) and complained of anejaculation. Exclusion criteria included repeated uni-or bilateral genito-urinary infections, or sperm expulsion during masturbation. Prior to inclusion, each patient underwent a neurological (to confirm damage of the sacral segments, and to determine the lesion level) and a neuro-perineal examination (to verify: flaccid perineum, no sacral reflexes or voluntary sacral movement, and altered or absent sacral sensation). The severity of the spinal lesions was defined according to the American Spinal Cord Injury Association (ASIA) classification. 5 
Procedures
All patients underwent vibromassage (VM) to attempt to induce ejaculation. The vibromassage machine (Ferticare, Multicept, Albertslund, Denmark) was applied to the penile fraenulum at a frequency of 100 Hz and an amplitude of 2.5 mm for 1-3 min. 3 Prior to each trial, patients were given oral hydration (VICHY celestins, Allier, France) to make the urine more alkaline, and 40 ml of Ferticult (Fertipro NV, Beernem, Belgium) was instilled into the bladder using a 12 Ch catheter (Wellspect Healthcare, Mölndal-Suède, Sweden). Each antegrade ejaculation (AE) was collected and sent to the laboratory. Retrograde ejaculation (RE) was systematically sought in urine that was collected with a sterile catherisation procedure.
If there was no AE or RE, further trials with midodrine were carried out after an interval of 7 days. Midodrine was administered 30 min prior to the trials. The dose was increased by 7.5 mg at each trial, up to a maximum of 30 mg. 6 The following clinical signs of AE that occur in patients with supra-sacral SCI were also recorded: arterial hypertension, bradycardia, contractions of the abdominal, lower limb and perineal muscles. These signs were evaluated at the time of AE, or following 3 min of VM with no AE.
Sperm parameters
Sperms were analysed at the CECOS, Hôpital Paule De Viguier, Toulouse, according to the WHO recommendations (2010). Sperms were sought in the urine collected by catherisation as follows: 10 µl was examined between slide and cover slide. When no sperm was found, the whole amount of urine was centrifuged at 400 g (10 min). The pellet was then suspended in 1-2 ml of sperm washing medium and analysed as for semen to verify the presence or absence of sperm.
For all samples (antegrade (AE) and bladder (RE) fractions), the following parameters were recorded: sperm concentration, percentage of progressive motility (rapidly progressive+slowly progressive) and vitality. In the case of antero-retrograde (ARE), the mean of the urinary and anterograde concentrations was calculated.
Statistical analysis
Statistical analysis was carried out using Microsoft office Excel software (Richmond, WA, USA). Means and medians were calculated on the quantitative variables (values reported between square brackets are the extremes). Simple and relative (percentages) frequencies were calculated for the qualitative variables. No statistical comparisons were carried out because of the small sample size.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
One hundred and fifty-three patients fulfilled the inclusion criteria. Of these, 89 wished to evaluate their fertility potential and consented to undergo the tests. Mean age was 37 years (range 17-66). Mean time since onset of the SCI was 76.6 months (range 10-355). All patients had a flaccid perineum, a complete loss of perineal reflexes and complete loss of voluntary perineal movement. Eighty-five patients had a complete loss of tactile sensation and four had reduced tactile sensation.
The patients were classified into four groups according to the initial lesion level.
Group 1 (n = 43): T10 (T10-S5) lesion Group 2 (n = 27): T11-T12 or L1-L2 (T11-S5) lesion Group 3 (n = 14): L3-L4-L5 (L3-S5) lesion Group 4 (n = 5): lesion only of S2-S3-S4 (S1-S5)
Type of ejaculation
The first VM trial was carried out without midodrine (Table 1) . Forty-seven patients (52.8%) did not ejaculate at all (AE, RE or ARE) but did not wish to continue the trials. Eleven (12.3%) ejaculated during the first VM trial: four AE, six RE and one ARE (Table 1) and did not undergo further trials. Thirty-one (34.8%) did not ejaculate during the first trial. Of these, 5 patients did not wish to take midodrine and continued trials of VM alone, 2 of whom ejaculated, and 26 underwent trials of VM+midodrine, 18 of whom ejaculated. The mean number of trials per patient was 4.4, and the mean dose of midodrine was 22.5 mg.
There were no changes in blood pressure or heart rate, and there were no contractions of the lower limbs or perineum in any patient at the time of ejaculation or at the end of a trial in which there was no ejaculation.
Lesion level and ejaculation
The sperm parameters of 5 of the 31 patients who ejaculated were not found. The remaining 26 patients made up 40% of Group 1, 35% of Group 2, 20% of Group 3 and 25% of Group 4 ( Figure 1 ).
Sperm parameters
The semen specimens of 26 of the 31 patients who ejaculated were interpretable. One, or several, ejaculates were obtained for each patient. The mean number per patient was 1.9. 1-7 Fifty-three ejaculates were obtained from the 234 trials of VM alone and VM ± midodrine (4.4 trials per ejaculation), with a success rate of 22.6%.
Sperm concentration was evaluated in the 53 specimens. The percentage of motile sperm was evaluated in 38 specimens (motility could not be evaluated in the 15 remaining specimens because the samples were too small). Vitality was also evaluated in 12 of the 38 specimens. The percentage of live sperm was evaluated in 23 specimens (it could not be evaluated in the 30 remaining specimens). Of these 23, motility was also evaluated in 8.
Sperm concentration was normal in 5 of the 53 specimens (two RE and three ARE), with a mean concentration of 71.7 × 10 6 ml − 1 (34.3 × 10 6 -126 × 10 6 ml − 1 ). The mean percentage of motile sperm was 12.3% (2-30) (4/5 specimens). The percentage of live sperm was not evaluated in these specimens (Table 2) .
Sperm concentration was reduced in 48 of the 53 (90.6%) specimens (o15 × 10 6 ml − 1 ) with a mean count of 3.5 × 10 6 ml − 1 (0.002 × 10 6 -8.1 × 10 6 ml − 1 ) for 36 RE, 5 AE and 7 ARE (Table 2) .
Vitality was evaluated in 23 specimens obtained from 8 patients. Vitality was 0% in 15 specimens (65.2%), with no motile sperm. Mean vitality of the remaining eight specimens (5/8 patients) was 30.1% (5-80). The mean percentage of motile sperm in seven of these eight specimens was 13.4% .
Sperm motility was evaluated in 38 specimens (obtained from 12 patients) in which the mean sperm concentration was 13 × 10 6 ml − 1 (0.2 × 10 6 -126 × 10 6 ml − 1 ). Progressive motility was Table 3) . Progressive motility was 432% (35-90) in two of the 38 (5.3%) specimens, with a mean sperm concentration of 0.23 × 10 6 ml − 1 (0.07 × 10 6 -0.4 × 10 6 ml − 1 ).
Twenty-eight specimens (7/26 patients, 26.9%) were of sufficient quality for medically assisted procreation (Table 3) .
DISCUSSION
The results of this study showed that it was more difficult to induce ejaculation either with VM alone (13/89) or with midodrine (18/26) in patients with flaccid SCI than in those with supra-sacral lesions 3, 4 (high doses of midodrine were required, and many trials). Sperm expulsion was mostly retrograde (61.3%). Sperm concentration was nearly always low (90.5%). Complete necrospermia was found in 65% of patients and live sperm were asthenic in 95% of cases. Normal n = 5/53 (9.4%) Low n = 48/53 (90.6%)
2 RE 77 × 10 6 ml − 1 3 ARE 66.4 × 10 6 ml − 1 RE n = 36 AE n = 5 ARE n = 7 6.4 × 10 6 ml − 1 (0.002-6.6) 2.5 × 10 6 ml − 1 (0.1-8.1) 1.5 × 10 6 ml − 1 (0.005-7)
Mean Cc = 71.7 × 10 6 ml − 1 (34.2 × 10 6 -126 × 10 6 ml − 1 ) M e a n C c = 3.5 × 10 6 ml − 1 (0.002 × 10 6 -8.1 × 10 6 ml − 1 )
Abbreviations: AE, antegrade ejaculation; ARE, antero-retrograde ejaculation; Cc, concentration; n, number of ejaculations; RE, retrograde ejaculation. Values are means (ranges).
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Lesions of the CE and CM following spinal trauma lead to severe changes in sexual function. 7 In this particular population, the collection and freezing of sperm should be systematically considered. Medically assisted procreation is likely inevitable, and it is not known whether the loss of sperm viability progresses with time in the case of CM lesions.
Ejaculation is controlled by neurological mechanisms. 8, 9 The thoraco-lumbar sympathetic system (T11-L2) induces sperm emission and closing of the bladder neck (limiting the risk of RE). This centre is under descending inhibitory and/or excitatory control from cortical and sub-cortical structures (thalamic nuclei) that can psychogenically activate or inhibit sperm emission. 10, 11 The parasympathetic system (S2-S3-S4) ensures the glandular secretion of both seminal vesicles and the prostate gland. It participates in the synthesis of seminal plasma.
The sacral somatic system (S2-S3-S4) integrates sensory afferents and generates clonic contractions (bulbo-and ischio-cavernous muscles) for sperm expulsion (ejaculation) via the pudendal nerve. These different centres are coordinated by multiple spinal and supraspinal connections. A central spinal ejaculation generator has been found in animals. 9, 12 This centre integrates somatic sensory peripheral and cortical afferents. It is inhibited by an intraspinal system of inhibitory neurotransmitters. 13, 14 Ejaculation in patients with SCI Supra-sacral spinal lesions in which the thoraco-lumbar centres (T11-L2) are spared are no longer under supraspinal control; however, reflex ejaculation remains possible. 15 If the lesion is around S2-S3-S4, clonic sperm expulsion is theoretically abolished. Sperm emission is conserved if the thoraco-lumbar sympathetic centres are intact (T11-L2). In this case, expulsion is 'dribbling' and never clonic. If T12-L1 is affected, the Adamkiewicz artery may be injured. This artery irrigates the sacral, lumbar and thoracic spinal cord up to T5-T6. 16 Vascular compensation is rare at this spinal level, which explains why SCI around T12-L1-L2 may result in isolated sacral cord signs, lumbar-sacral cord signs or even thoracic cord signs (Figure 1) .
According to the literature, the rate of ejaculation induced by masturbation and/or sexual intercourse is low in patients with SCI (10-15%). 4 The threshold of the ejaculatory reflex is much higher in patients with SCI than in healthy subjects because of the loss of sensation, below-lesion motor activity and the loss of supraspinal control. More intense stimulation is required and VM is the first option. 8, 17 VM activates sacral afferent tracts via the penile dorsal nerve and the sacral spinal centres. 18 Sectioning or anaesthesia of the penile dorsal nerve has been shown to abolish ejaculation by VM in monkeys. 19 Sympathetic fibres from T10-L2, which connect to cerebro-spinal sacral tracts, also innervate the penis. 9 This likely explains why VM can induce sperm emission or dribbling ejaculation in patients who have complete lesions of the sacral cord.
For patients who do not respond to VM alone, administration of midodrine with VM optimises the possibility of ejaculation. 17, 20 Midodrine is a peripheral alpha-mimetic drug which stimulates the sympathetic tracts and the smooth muscle of the internal genetic organs (epididymis, vas deferent, seminal vesicle and prostate) that are primarily innervated by the adrenergic system. Seventy percent of the patients in this study who underwent VM+midodrine, ejaculated. Ejaculation was mostly retrograde (61.3%) because of sympathetic denervation of the bladder neck, and sperm emission was dribbling and was not accompanied by clonic contractions of the perineal muscles (bulbo-and ischio-cavernosus). These results highlight that it is difficult to trigger anterograde ejaculation in patients with SCI who have a flaccid perineum, even with midodrine, corroborating results in the literature. 6, 21 In this specific population of patients with SCI, the rate of ejaculation by VM varies from 11.5 to 35%, 3, 4, 21 whereas in patients with supra-sacral SCI, the rate is 50-90%. 3, 4 This demonstrates the importance of systematically seeking sperm in the urine in the case of antegrade anejaculation with VM ± midodrine (following alkalinisation and Ferticult). Trials should also be repeated with increasing doses of midodrine as most patients who underwent repeated trials with midodrine ejaculated in the present study.
Some authors have suggested that the possibility of ejaculation using VM depends on the lesion level. The chance of ejaculation appears to be greater following cervical lesions than thoraco-lumbar lesions. 4 Recently, Chéhensse et al. 15 found that the chance of ejaculation using VM was greater if the L3-L4-L5 myotome were intact. There is a centre for the coordination of ejaculation within these three levels. 15 Ertekin et al. 22 found reflex electromyographic (EMG) activity of the cremaster muscle in response to sensory afferent stimulation of S2-S3-S4 in patients with lesions above T9. They attributed this to ascending lumbar-sacral afferent circuits, which help to understand the electrophysiological mechanisms of ejaculation in man. These segmental circuits control each other, and their existence explains why the ejaculation reflex is triggered by stimulation of the dorsal penile nerve with VM, in patients with SCI. Lesions of these inter-segmental, sympathetic and parasympathetic circuits could alter the control of ejaculation.
In the present study, 60 patients had lesions which encompassed T11-L1 (Group 1 and Group 2, Figure 1) . A lesion of these levels theoretically abolishes both phases of ejaculation. Despite this, 23 patients (38.3%) ejaculated with VM. Ten patients (Group 3) had lesions which encompassed L3-L4-L5; thus theoretically emission was possible. However, only two (20%) ejaculated with VM. This low rate of ejaculation in patients with lesions of L3-L4-L5 supports the hypothesis of a central spinal generator for ejaculation at these levels, as suggested by Guiliano et al. 9 in rats and by Chéhensse et al. 15 in patients with SCI.
The difference between the cerebro-spinal lesion level (somatic) and the autonomic lesion level could explain the discordances between the theory and clinical observations. 
Sperm parameters
Most studies of sperm quality have focused on supra-sacral lesions. They have found normal sperm counts 3, 4, 23 and alterations in vitality and motility 1 which do not worsen with time. 2 Pregnancies can also be initiated at home by intravaginal insemination in these patients. 8, 23 To our knowledge, there are no studies of sperm vitality, motility or concentration in patients with CE.
Moreover, it has been demonstrated in patients with supra-sacral SCI that the deterioration of these parameters is independent of age, time since lesion, whether the lesion is complete or incomplete, the frequency of ejaculation 3 and testicular hyperthermia. In the present study, all patients were beyond the acute phase of spinal shock and none had experienced ejaculation prior to the trials.
One study found that the number and percentage of motile sperm was greater following cervical than thoracic SCI, with a much lower quality sperm in lesions below T6 (reduction in number and percentage of motile sperm). 3 The involvement of the accessory glands (epididymis, seminal vesicles and prostate) in the reduction of sperm quality following SCI is not clear. The innervation of the smooth muscle of these glands is under sympathetic control T11-L2), 9 and it has been shown in animal studies that sperm motility is reduced following ablation of the sympathetic nervous system. 24 Lesions of the parasympathetic system, which stimulates the glandular secretion of the seminal vesicles and the prostate, could affect the quality of seminal plasma. To our knowledge, there are no studies of seminal plasma in patients with SCI. However, it has been shown that the seminal plasma of patients with supra-sacral SCI reduces the motility and vitality of sperm from healthy subjects. 25 Changes in epididymal maturation (T11 myotome) could participate in the loss of motility and vitality, as has been reported in one case. 26 In the present study, seminal plasma markers could not be analysed because of the small numbers of AE. It should be noted that the semen parameters of patients with retrograde ejaculation (RE) could be altered by urine and the manipulation of the semen.
Hormone levels (follicle-stimulating hormone, luteinising hormone, testosterone, inhibin B) have been found to be normal in the majority of patients with SCI above T5 (82%). 3 In these studies, the T10 myotome (somatic and autonomic innervation of the testicles) was not consistently injured. Hormonal evaluations were not carried out in the present study, but no patient presented with clinical signs of post-injury testosterone deficiency. However, the severely low sperm concentration count found suggests that hormone levels should be evaluated in patients with SCI, as should damage to the autonomic system.
The results of this study suggest that further research should investigate the quality of sperm collected by epididymal aspiration in patients with CE and CM lesions, which has been found to be of better quality than sperm collected using VM in patients with suprasacral SCI.
Limitations
This study has several limitations: (1) selection of patients based on cerebro-spinal lesion level and not autonomic lesion level (there is a lack of coincidence between somatic and autonomic lesion levels); (2) electrophysiological evaluation of the perineum was not carried out to confirm loss of S2-S3-S4 activity; (3) no evaluation was carried out of psychogenic ejaculation or ejaculation following the least stimulation, as is described in CM lesions, 10 and which is often dribbling and early, (4) seminal plasma markers were not analysed and ejaculation volume was not reported in all cases; and (5) hormone assessments were not carried out systematically.
CONCLUSION
The results of this study showed that induced ejaculation following injury of the CE and CM was more difficult to obtain than in patients with supra-sacral lesions, and it was never clonic (because of damage to the sacral centres). High doses of midodrine often needed to be combined with VM to induce ejaculation. The type of ejaculation was variable, anterograde, retrograde or mixed. When midodrine was used, ejaculation was most often retrograde. Analysis of the samples showed a high percentage of low sperm counts and total necrospermia, as well as almost constant asthenospermia. These alterations in sperm parameters suggest that medically assisted procreation is the primary option for these patients should they wish to father children, and cryopreservation of sperm should be systematic.
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